Shrews (Eulipotyphla: Soricidae) are amongst the most diverse and widely distributed groups of small mammals worldwide. In Mexico, more than 40 species of the genera Sorex, Cryptotis, Megasorex, and Notiosorex have been documented. There is little knowledge about epizoic arthropods of shrews, with 40 species recorded, 28 corresponding to the subclass Acari, and 12 to Insecta. Sorex oreopolus Merriam, 1892, is an endemic species of Mexico, distributed from southwest Jalisco to east Puebla and west Veracruz. This study reports the first records of epizoic arthropods of S. oreopolus. Five specimens of S. oreopolus were collected during 2016 from four sites at La Malinche National Park, state of Tlaxcala. Epizoic arthropods were removed from the pelage of shrews and processed for identification. For each species found in S. oreopolus, ecological parameters of infestation were calculated; for parasitic species, also the degree of host specificity was estimated. A total of 1,194 arthropods were found, corresponding to six mite and one insect taxa. All are new records for this host species. The mites Orycteroxenus soricis (Oudemans 1915) and Pygmephorus horridus Mahunka, 1973 are recorded for the first time in Mexico. The prevalence and abundance of O. soricis was high, while Corrodopsylla lira Traub, 1950 is less prevalent/abundant (Table 1) . Epizoic arthropods comprise commensals (Myobiidae), temporary ectoparasites (Trombiculidae) and (Ctenophthalmidae), and phoretic (Glycyphagidae and Pygmephoridae). Seven taxa of epizoic arthropods recorded in this study represent the first record of association with S. oreopolus. The mites O. soricis and P. horridus had already been documented on shrews of the genus Sorex; however, they are recorded for the first time in Mexico, increasing the richness of symbionts of Mexican shrews from 40 to 42 species. Further investigations on the richness of arthropods associated with Mexican shrews are needed, as only seven of 40 species of shrews have been documented, representing 20 % of hosts.
Introduction
Shrews (Eulipotyphla, Soricidae) are one of the most diverse and more extensively distributed groups of terrestrial small mammals worldwide. In Mexico, shrews are found across the whole country (Carraway 2007 ) with more than 40 species of 4 genera documented, grouped in 3 tribes: 1) Soricini, including the genus Sorex. 2) Blarinini, with Cryptotis. 3) Notiosoricini, grouping together Megasorex and Notiosorex (Guevara et al. 2014 (Guevara et al. , 2015 Matson and Ordóñez-Garza 2017; Ramírez-Pulido et al. 2014) . Shrews consume large amounts of invertebrates, including worms, crustaceans, and spiders, as well as insects and their larvae (Hope et al. 2016) . In addition, they a diverse and abundant associated fauna (mainly parasites) (Binkienè et al. 2011; Morrone and Acosta 2006) . Shrews and their parasites are key indicators to anticipate the consequences of environmental disruption and changes in the interactions between species (Hope et al. 2016) .
In Mexico, studies about ectoparasites of shrews are particularly scarce; only 40 species of ectoparasites have 1a-c). Shrews were collected from two habitats representative of the park: pine forest and pine-oak forest (Figure 1d -e, e). At each site, eight pitfall traps were placed, each consisting of a 1,000 ml plastic container with ethylene glycol as preservative. Traps were left for 72 hours; subsequently, all the specimens captured were collected and deposited in glass bottles with 80 % ethanol. Only five shrews were captured in four sites ( Figure 1d -e); these were removed from traps and individually preserved in 96 % ethanol bottles for transportation to the Colección Nacional de Ácaros (CNAC) at Instituto de Biología, Universidad Nacional Autónoma de Mexico (IB-UNAM) in Mexico City. The body surface of each shrew was examined, brushing the pelage over a sheet of paper that was subsequently examined under a stereomicroscope; also, the ethanol where specimens were preserved was examined to obtain any ectoparasites that may have detached from the host. The sampling of shrews was carried out under collection licenses issued by SEMARNAT 
Methods
In 2016 The symbionts found were classified into three association categories: 1) commensals (Myobiidae). 2) temporary ectoparasites (Trombiculidae and Ctenophathalmidae). 3) phoretic (Glycyphagidae and Pygmephoridae).
Mites of the family Myobiidae (Figure 2a , b) showed a high host specificity, supporting the proposed phylogenetic relationships between their hosts. It has been observed that species can be oligoxenous (a parasite associated with two or more species of different genera but belonging to the same subfamily); for instance, the species of Protomyobia, Amorphacarus, and Blarinobia are all parasites especific to the subfamily Soricinae (Jameson 1984; Fain 1979) . The specimens of Protomyobia sp. and Amorphacarus sp. found in S. oreopolus could not be identified to species because only an adult was found, the rest being either tritonymphs or protonymphs. Immature stages of this family have been little studied and differ morphologically from adults (Bochkov and Mirolubov 2015) .
Temporary parasites of the family Trombiculidae are associated with the host for a short period of time during a single stage of their life cycle (hexapod larvae); these larvae feed on lymph and can be carriers and transmitters of bacteria or other microorganisms, whereas adults and nymphs are free-living (Hoffmann 1990 (Bush et al. 1997) . In the case of parasites, the degree of specificity was determined considering the monoxenous, stenoxenous and oligoxenous (Herrin and Tipton 1975) .
Results
From the five specimens of S. oreopolus captured, a total of 1,194 ectoparasites we collected, distributed in seven taxa, six belonging to the subclass Acari, within four families and six genera. One flea Corrodopsylla lira Traub, 1950, family Ctenophthalmidae, was found (Table 1) . A female of S. oreopolus captured in December six of the seven taxa reported in this study. Dimorphic females of the family Pygmephoridae are characterized by a markedly modified leg I, with large grooved claws used for passive dispersal (phoresia) on small mammals (Eulipotyphla, Rodentia, and Lagomorpha), being less frequent in nests, and rarely found in soil or litter samples; other aspects of the biology of this family are unknown (Dastych et al. 1991) . In Mexico, Pygmephorus americanus Banks 1904, has been previously recorded (Smiley 1978) ; therefore, Pygmephorus horridus Mahunka 1973 (Figure 2d) represents the second species of this family reported in the country, in addition to being the first record in association with soricid mammals. P. horridus has been collected in association with Blarina brevicauda (Say 1823) and Scalopus aquaticus (Linnaeus 1758) in the United States of America (Mahunka 1973) .
Several deutonymphs (a post-embryonic development stage of mites between larva and adult) of species of the family Glycyphagidae have been recorded in American shrews. Ninety six per cent of the symbionts found in S. oreopolus belong to this family. Orycteroxenus soricis (Oudemans 1915; Figure 1e ) showed the highest infestation levels (1,152 individuals), a 100 % prevalence, and a mean abundance of 230.4 mites per shrew, with an intensity range of 2 to 466 mites (Table 1) . This species has been collected in shrews of the genera Sorex and Blarina in North America (Whitaker and Richards 2005) . In Mexico, the species Orycteroxenus mexicanus Lukoschus et al. 1977 has been reported associated with shrews of the genera Cryptotis and Sorex; Orycteroxenus notiosorex Lukoschus et al. 1977 , in Notiosorex crawfordi (Coues 1877 ; and Orycteroxenus sp., in Sorex salvini Merriam 1897 (Whitaker and Morales-Malacara 2005; Vargas et al. 2009 ). On the other hand, Xenoryctes sp. (Figure  2f ) has been previously recorded in S. salvini (Vargas et al. 2009 ). However, the two deutonymphs found differ from the species already described; therefore, additional specimens of S. oreopolus should be examined to confirm whether the specimens found in this study correspond to a new species.
The flea C. lira Traub, 1950 (Siphonaptera, Figure 2g ) showed the lowest infestation values (Table 1) . It has been recorded in S. saussurei and Sorex milleri from Mexico City, Michoacán, and Nuevo León (Morales-Muciño and Llorente-Bousquets 1986), being considered as a stenoxenous or monoxenous (i. e., exclusive to a single host species) pasasite (Morrone and Acosta 2006) .
Discussion
The seven epizoic arthropod taxa documented in this study represent the first record in association with S. oreopolus. The mites O. soricis and P. horridus had been documented previously on shrews of the genus Sorex (Fain 1969; Smiley and Whitaker 1984) ; however, our study is the first record for Mexico, increasing the richness of symbionts of Mexican shrews from 40 to 42 species.
Recent studies on Mexican shrews have contributed to advancing our knowledge about the richness, current distribution, and conservation of these species, as well as on their intra-and interspecies morphological variations (Guevara et al. 2015) . However, further research is required on their epizoic arthropods, since this aspect has been for only seven of the more than 40 species of shrews, representing about 20 % of hosts. For a better estimate the biodiversity of epizoic arthropods of S. oreopolus, a larger number of host specimens should be examined in order to obtain adult mites of the family Myobiidae, as well as deutonymphs of Glycyphagidae, seeking to determine the taxa recorded in this study to the species level. Further research should also address biological and ecological aspects of these arthropods to gain a deeper understanding of parasite-host systems, to set the grounds for understanding and documenting ecological changes, as well as other aspects about the biology of the species involved.
